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CHAPTER 1

INTRODUCTION

1.1 Overview

PATCHES-I11 is a computer program for the analysis of general
three-dimensional composite structures, laminated composite structures,
and axisymmetric composites. It determines the linear elastic response
of a general heterogeneous anisotropic solid under thermal loads,
mechanical loads, and imposed displacements. The analysis model is
based on a 64-node isoparametric solid finite element with variable
material properties. This element efficiently models the strain
discontinuities at heterogeneous material boundaries, as well as the
continuous strains at homogeneous boundaries. The program constructs
models for geometry and pnysical data using piecewise parametric cubic
modeling of lines. surfaces, and volumes. This approach eliminates the
grid point modeling restriction of most finite element programs by
allowing the synthesis of continuous models for both geometry and

physical data. It is necessary to input coordinates for at most a few

grid points; rceordinates for all other grid points are computed
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internally, as are the parametric coefficients in the mathematical
models created for lines, surfaces, and volumes., There are over two
dozen bulk data directives available to create the geometry in addition
to the basic grid point input. These bulk data directives may cross
reference cach other and may be input in any order. PATCHES-III will
process them in the proper sequence and provide diagnostics if there are
unresolvable ambiguities in the data. A similar set of options is
available to model temperature data or any physical parameter defined

over a line, suvrface, or volume,

The PATCHES-III modeling system for geometry is the same as that
used in the PDA/PATRAN-G interactive graphics system. Models
constructed using PATRAN (Phase 1) can be directly input to PATCHES.
There are minor syntax differences, but at the data level a patch is a
patch is a patch. A translator program is available to convert the
Phase-1 neutral file output by PATRAN into LINE, PATCH, and HPAT data
for PATCHES. The Case Control and Bulk Data syntax of PATCHES are the
same as those for NASTRAN to facilitate use of the program by the many
people experienced with data input to NASTRAN. ‘There are major
differences in the two finite element modeling systems, but the input

syntax is very similar.

The User's Manual is the source book or dictionary for all the Case
Control and Bulk Data directives available in the program. A limited

amount of background material on how to model with parametric cubics and
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a few demonstration problems are provided. Those interested in a morce
comprehensive description of parametric cubic modeling will find
References 1, 2, and 3 helpful, and the PDA/PATRAN-G User's Guide has
many interesting examples. The documentation for specific application
areas such as laminated nozzle components is available as separate
User's Guides. The demonstration problems in this manual illustrate the
stress precision of the finite element library, which is unusually high.
A graphic example of this, Figure 1-1, shows a comparison of a
31-element  solution with photoelastic test results. The maximum
computed stress concentration factor was equal to the experimental

result to three significant digits.

1.2 Parametric Cubic Modeling

Models based on parametric cubic polynomials are developed in
detail in Reference 1. This chapter introduces the user to the
t. rminology and a few basic concepts from that development. Finite
dimension lines, surfaces, and volumes are continuous geometry modeling
elements added to the familiar grid point. The mappings 2(f),
2(£y, £7), and Z(g;, £, £3) that define these continuous elements are
cubic, bicubic, and tricubic, respectively, based on the four Hermite
polynomials, F;(£), often called the beam functions. They map the unit
interval, unit square, and unit cube, respectively, into any desired
shape (see Figure 1-2). These new modeling elements are mathematically

related to each other in a wvery special way that allows a more
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comp.icated element to be uniquely constructed from the union of simpler
elements and in a variety of constructions. A hyperpatch, for example,
can be defined uniquely by 64 points, 16 lines, or 4 patches. This
property makes possible the mode! construction procedures described in

Chapter 2 of this manual.

The points, lines, patches, and hyperpatches of the geometry model
are given by their components with respect to a global Cartesian frame

whose basis vectors are denoted by e, ey and e, (see Figures 1-3 and

3
1-4). The tangent vectors ?'Ci define the vectors a; = ?’Ei' and they
are used to construct local curvilinear (parametric) frames. Surface
constraints and loads are usually given by their components with respect
to a local parametric frame, as Chapter 2 describes in detail. The 8
corner points of a hyperpatch are called grid points in PATCHES-III and
are used to define the connectivity of a finite element. The 64 points
associated with a uniform parametric mesh (i.e., the 1/3 points) are
termed mesh points, and, obviously, 8 of these points are also grid
points. Mesh points normally are not used to construct models, but they
are the recovery points for all element data in PATCHES-III. The

program automatically determines mesh point connectivity from the grid

point connectivity.
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Figure l-1. Parametric Cubic Finite Element Accuracy
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Figure 1-2. Parametric Cubic Mappings for Line,
surface and Volume Models
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Tigure 1-3. PATCHES-III Tangent Vectors for Lines and Surfaces
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Figure 1~4, PATCHES-III Coordinate Frames for 3D Elements




CHAPTER 2

PATCHES-III CAPABILITIES

2.1 Overview

PATCHES-III will compute for a general solid: 3 components of
displacement, 6 components of strain, and 6 components of stress at 64
points in each finite element used to model the body. The basic
difference  in capability with respect to other three-dimensional finite
element programs is the construction of parametric cubic models for both
geometry and physical data by the program. This allows the finite
element model to be created with very little input, and the model itself
efficiently predicts the response of heterogeneous structures. These
characteristics are essential to the solution of monolithic
three-dimensional problems with the resources normally available for a
structural analysis. This section describes techniques for creating
parametric cubic models and the matrix solution method available in

PATCHES-III.
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In mathematical terms a parametric cubic model is one in which the
interpolation functions are multivariate and piecewise cubic in the
parameters, £i. Those interested in a mathematical development are
referred to Reference 1., This discussion is for the structural analyst
familiar with finite clement modeling and interested in using
PATCHES-III without becoming expert in parametric cubics. The basic
concept is construction: lines from points, surfaces from 1lines, and
hypersurfaces from surfaces. Parametric models: Z = (Zi(g)),
Z = (Zi(g],gp)), and % = (Zi(gl,gz,gs)) are used because they are
convenient for numerical work and independent of the shape of the line,
surface, or hypersurface. A geometric line requires 12 parameters for
definition, a geometric surface patch 48 parameters, and a geometric
hypersurface patch (hyperpatch) 192 parameters. These parameters may be
uniquely given in 3 different but mathematically equivalent ways: (1)

£, m.n

Algebraic, in which the coefficients of CE or Efﬁ? or Ei&1£k are qiven;

(2) Geometric, in which the derivatives ?'Ei or %,Eiﬁjor %'Ciijik are
given at the corners; and (3) Point, in which the value of Z is
specified at 4, 16, or 64 points and where certain of these points must
be interior points. How the user directs PATCHES-III to compute these

parameters will be described briefly.

10
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2.2 Geometry Modeling

Construction of the geometry model is accomplished through the
translation, rotation, segmentation, interpolation, and scaling of space
figures. These figures may be points, 1lines, surfaces, or
hypersurfaces, any of which also may be the result of a previous
operation. This latter feature allows the synthesis of complex models
from simple input. To avoid order dependent input, PATCHES-III contains
a queuing algorithm that determines the processing order required to
synthesize the geometry. Diagnostics are provided when bulk data
directives produce conflicting data, such as different coordinates at a
grid point, or when bulk data directives contain unresolvable

ambiguities, such as a reference to coordinates never computed.

Consider the construction of a hyperpatch for one segment of a
thick-walled circular cylinder. Two quite different but virtually equal
constructions illustrate the procedure for a simp;e shape. In the
first, grid points 1 and 3 are input (Figure 2-1), and a straight line
connecting them is created with a LINEPC card. This 1line is rotated
about the e, axis through 90 degrees to form one quadrant of a
cylindrical surface using a PATCHR directive. In this process, grid
points 7 and 5 are automatically created. The surface 1-3-7-5 is
expanded a unit amount in the direction of its normal to create a

hyperpatch using the HPN directive. The grid points 2, 4, 6, and 8 are

automatically created in this process along with all the hyperpatch

1
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parameters. The new grid point identification numbers are determined by
the element connectivity specified with a CPDE3 directive, The
construction of this 192-parameter hyperpatch required five (5)
directives of very simple format. Now consider the same construction
problem, but this time input grid points 1, 2, 3, and 4 (Figure 2-2). A
quadrilateral surface is created with a PATCHQ directive, and this
surface is rotated about the e, axis through 90 degrees to form a
hyperpatch using the HPR directive. The construction this time required
six (6) bulk data directives. Although the two figures constructed are
nearly equal in wvolume and shape, the two hyperpatches are quite
different parameterizations of the same figure. In the case of method
one, the surface zl(rl,sw,O) is 1-3-7-5, but for method two the surface
ZIT(fl,ﬁy,O) is 1-5-6-2. The order of the t, Pparameters in a hyperpatch
is the parameterization or "sort" of the hyperpatch. Fortunately, a
hyperpatch is invariate under reparameterization in PATCHES-III because

multivariate interpolation functions, Fi(g YF (¢ )Fk(g ), are used. ‘The
1 ? 3

J
program allows each finite element to be in any right-handed
parameterization; however, all data input or data created for an

element must use the same parameterization. This subject will be

discussed further in the data modeling section.

12
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The two constructions just presented for the sample figure are but
two of many that could have been made. Experience with parametric cubic
modeling indicates the average user quickly develops his own techniques
for creating geometry. As a rule of thumb, simple figures (cubes, etc.)
should be used for finite elements whenever possible. Elements
completely interior to a body, for example, can be parallelepipeds
without changing the surface geometry. This reduces the cost of
integrating the stiffness matrix for the associated finite elements,

sometimes by a factor of five.

13
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1 3 4
A
8
e
e, O3 2
6
2 5
/O]/'~]
2 4‘33 BULK DATA DIRECTIVES
GRID,1,,1.0
GRID.3,.1.0,1.0
LINEPC, 1,1,3
3 PATCHR, 20,1, ,,,0.0, 90.0, 3
X HPN, 1,20, 1.0
7200\ R A
e CPDE3,1,1,3,7,5,..,,2,4,8,6
e
3 %3
Vv STEP BULK DATA OPTION INPUT
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7 2 LINEPC ]
e, 3 3 PATCHR 1 )
4
T’ . HPN ]
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Figure 2-1., Hyperpatch Construction - Method One Example
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PATCHQ, 10,1,2,4,3

HPR, 1,10,,,,0.0,90.0,3
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« |

L\ 1 GRID 4
@
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=3 STEP BULK DATA OPTION INPUT

2 PATCHQ 1
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Figure 2-2.

Hyperpatch Construction - Method Two Example
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Before leaving geometric modeling, let us examine the components of
a space curve represented in parametric form to help describe the basic
concept behind PATCHES geometric models. It may be helpful at first to
think of the parametric parameter £ as representing time or arc length
or any parameter that increases monotonically as we progress from one
point on the space curve %(t) to another, say, from time t = 0 to t = T,
Each coordinate function, Zi(t), is a well-behaved function on the
interval 0« t< T, as illustrated by the helix, th) = (R cos t, R sin
t, t), Figure 2-3. Using a monotonic parameter like t avoids all the
tangent vector singularity problems (removable) associated with line
equations in traditional analytic geometry. The tangent vector is
simply 2,, = (-R sin t, Rcos t, 1), and all the geometric properties of

the curve, such as curvature and twist, can be computed easily.

The last step is to represent each coordinate function, Zi(t), with
a cubic. First we change to a normalized parameter, 0 < £ < 1, where
t = T£. Then PATCHES computes PC coefficients such that each cubic
interpolates each coordinate function., The algebraic coefficients for

. . . i .
line coordinate functions, Sk, in the case of a helix are

R cos £t = 5167 + 5,87 + S3E + 5), (2.1.1)
2

R sin it 5567 + 556 + 5% + 5] (2.1.2)

=02+ 065+ 53640 (2.1.3)

16
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COORDINATE FUNCTIONS
ZWt)=Rcost

e Zz(t) = Rsint
/'~ > Zs(t) .

. e TRACE ;
//’/’ 2
-~ 7
// /I ")
R '_—f’
L = ——
/ 32
9_2 TRACE
! 7
/ - 33 TRACE
)
3(0\
Z(t)=Rcostgy +Rsint go+t 83
|

8100240

Figure 2-3., Space Curve Defined in Parametric Form
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hyperpatch associated with the referenced finite element. This is the
connection between data and geometry that makes the parameterization
{ordering) of the hyperpatch important. As a user convenience, there is
an option that will reorder any data hyperpatch, but note that since the
data-geometry relation is implicit, any ordering of the input
coefficients is correct. Only the user can determine if the input data
distribution is oriented as he/she intended. A DRY run is recommended
if there is any doubt about input data distributions. This allows the
user to inspect the data models in point format. Another user
convenience 1is the data patch equivalence option. This will allow the
same data patch to be used on many different surfaces, and it is
particularly useful for constant pressure loads. Note that since the
data are modeled in parametric space, a constant pressure data patch is
the same for every surface. It merely gives the magnitude of the
pressure; the direction of the surface normal is determined from the
hyperpatch for the finite element loaded by the pressure. There are
options, such as the DPATCH directive, provided especially for direct
input data modeling. This particular option could be used for a problem
in which the temperature is a quadratic function of radius. In such
cases, it is more convenient to model the data directly, rather than to
synthesize the model from grid point values. 1In other cases, it may not
even be possible to synthesize the model from grid point values. As a
convenience in these situations, options are provided that are divorced

from any qrid point data sets.

18
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Figure 2-5. LARCPC Radial Error Distribution 8100309
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In addition to distributed data, the user can input temporal data
using data table functions. The functions are again piecewise
parametric cubics in one variable at present. Temperature-dependent
material properties are input using data table functions, and in advance
development versions of the program properties can be functions of other
state variables. Data table functions are nondimensional in the sensc
that the data assume physical significance only when they are referenced

and used by some other directive.

2.4 Constraint Modeling

Most imposed displacement boundary conditions are specified over a
surface, not simply at a grid point. As a user convenience, both zero
and nonzero constraint options are available that constrain the entire

face of an element with a single bulk data directive. Either the

reference frame, e or the local surface frame, ?1' éz' n, (Figure 2-6)
ry be used. In the case of zero constraints, only the corner grid
point numbers, frame identification number, and displacement component
numbers are input. In the case of nonzero constraints, up to 3 data
patches per surface may be specified that define the magnitude of
constrained displacement components over the surface. In both cases,
PATCHES-I1I computes any required frame transformation for all 16 points

on the surface.

21
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At the intersection of constrained surfaces, a number of abstruse
conditions can occur. The constrained displacement components may be in
different frames at the same point; the constraints may be redundant,
and when the user makes an error they may be inconsistent. The program
allows multiple frames at a point and redundant constraints, and it will
provide diagnostics when the user specifies inconsistent constraints. A
general vector approach is used that synthesizes a local frame at every
constrained point from the linearly independent constraint vectors. The
details are described in Reference 4. It is possible using a debug
option (PARAM directive) to output the transformation matrix relating
vector components in the e; frame to components in the local constraint

frame.

22
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1,(0,1,1)

X/gz(o,m)

66 2,(0,1,1)

G7
G5
nEhxy
Gl =
%3 Faces Surfaces t; t,
1,2 g] = 0'] 22 93
3,4 £, = 0,1 24 2
e
2 =
Figure 2-6. Hyperpatch Surface Coordinate Frames -

Six Surfaces
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2.5 Constraint Finite Elements

The finite elements used to model laminate force~deformation
behavior are a family of linear constraint options developed for Version
9.0 and higher of the PATCHES-III program. The need for low-cost
modeling in regions of uniaxial or biaxial strain was noted in earlier
versions, and the new elements in Table 2-1 provide this capability.

They are based on the linear constraints defined by

P, =T; P, i=1,2,3,4 (2.5-1)
n=1,4
where the coefficients T, are simply
(1, o
T, | 2/3,1/3 (2.5-2)
1/3 , 2/3
i 0o , 1 |

The same coefficients apply to all three parametric coordinates and, in

general,

Pijk = Tiu TJB 'I‘kY PaBY (2.5-3)

If constraints are introduced in only two coordinates,

Pisk ™ Tia Tyg Oke Page (2.5-4)
and for only one constraint
Pine™ Tia %30 Skm Pasnm (2.5-5)

24
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Table 2-1 1

PATCHES~1I1I CONSTRAINT FINITE ELEMENT
Displacements* Nodes Geometry Properties :
LLL 8 cCce cC '
LLC 16 cce oce :
LCC 32 cce oce 1
]
t
i
* Any combination of L and C is available. L = linear, C = cubic.
25
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Two key issues affecting the development of the new family of
elements are how to efficiently generate their stiffness matrices and
how to connect them to each other. After some early confusion, it was
determined that all linear constraints can be applied before integration
with the same result as when they are applied after integration. This
greatly reduces the cost of generating their stiffness matrices. It is
simply to demonstrate this equivalence in one dimension where,
obviously,

P

KaB

T E ) Fy (&) Tyq 0t

T, jpi(a) F (8 dET,q
kKo, T
a 13 T8
But in higher dimensions interpolatory quadrature is wused in

(2.5-6)

PATCHES-III, and this equivalence is tedious to prove.

The second issue was resolved by automating the generation of
interface constraints between elements ot different dimension. This
allows the user of PATCHES-III to specify linear constraints on any
element or group of elements by simply placing a mnemonic of the type
listed in Table 2-1 on the connectivity card for that element. The
program first generates all explicit mesh point constraints and then on
a second pass generates all interface or implicit constraints. This
requires extensive checking for conflicts, and, in order to reduce their
incidence, all three displacement components are constrained alike. At
every constrained mesh point, one of the Equations (2.5-3) - (2.5~4) is

automatically generated and applied to all affected matrices.
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A family of finite elements based on axisymmetric constraints is
also available. These elements require hyperpatches of the form

1

Z0(F e Enh) = t(g,, r ) sin &y

3
26y L) = (L), € ) cos L,
23(6,0 € 69 = 2(E), £ )
which can be generated using the HPR directive. Note the convention
here that associates the hoop coordinate & with the third parametric
coordinate 53. A generalized axisymmetric displacement constraint that
allows torsion Ui,t:,3 Z 0 results in bicubic displacement functions for
Uo' UR, and UZ' The axisymmetric finite elements are designated CCX,
etc., as listed in Table 2-2, and they reduce the dimension of an
element by a factor of 4. 1In general, the number of varying strain

components remains 6 because of the torsional response mode. This

behavior is typical of axisymmetric composites of involute construction.

27




e At A o e it A A o etk e B it s it b Attt S Al S A et ol 2 bt st b

PATCHES~-III CAPABILITIES PAGE 2-21

Table 2-2

PATCHES-III AXISYMMETRIC FINITE ELEMENTS

Displacements* Nodes Geometry Properties
LLX 4 cce ccc
LCX 8 ccc ccc
1604 16 oce cce

* Any combination of L and C in the first two positions is available
with X in the third position. L = linear, C = cubic, X = axisymmetric.
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2.6 Solution Method

PATCHES-III utilizes a scaled conjugate gradient solution procedure
which has been shown to be extremely effective for three-~dimensional
problems. Core requirements increase very slowly with increasing
problem size, virtually eliminating the "spill®™ problem associated with
direct decomposition on many computers. This is primarily the result of
only a single element stiffness matrix being in core at any one time.
Also, since the global stiffness matrix is never constructed, bandwidth

minimization considerations are eliminated.

The solution procedure has been formulated around the dot product
operation, which permits the program to take full advantage of recent
developments in machine architecture. As a result, the cost per
iteration is extremely low, and the total cost to convergence is
generally substantially lower than for direct decomposition. For most
isotropic problems, engineering accuracy, if not convergence, will be
obtained in approximately N/4 iterations where N is the number of
degrees of freedom, called NFSET. In orthotropic problems, the
convergence is slower, depending on the E/G ratio of the material. Most
laminate problems converge in N cycles, but laminates with rubber plies
mixed with high modulus plies can take 2N cycles. Models requiring more
than 2N cycles are very ill conditioned and often indicate a modeling
error of some sort. Figure 2-7 shows slow convergence caused by two

rubber plies in an aircraft window model that act as shear strain
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isolators. There is a checkpoint feature provided to allow continued
iterations on a subsequent restart run if additional iterations are
required. Through default values or specific overrides, the user can
control the iteration processes defining convergence, maximum cycles,
maximum time, cut—off for rigid body modes, checkpoint, restart, and

more. Full strain, stress, and force recovery is always available.
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CHAPTER 3

A GUIDE TO THE USER MANUAL

3.1 Overview

After reading the introduction and Chapter 2, the user should have
a general understanding of the modeling features available in
PATCHES-III. This chapter introduces the user to the actual operation
of the program and describes its architecture. Those familiar with
NASTRAN will recognize the bulk data and case control input formats.
The syntax is virtually the same, including order independent bulk data
and checkpoint-restart processing which has been simplified to eliminate
the checkpoint dictionary. Chapter 4 provides a detailed description of
the bulk data directives in the familiar NASTRAN format. Chapter S
provides the same inforr.ation for the case control data directives, and
Chapter 6 describes the optional executive requests. Chapter 7 shows
the input and output for several sample problems which illustrate the
basic simplicity of modeling with parametric cubics. Chapter 8
illustrates Jjob control options (tape request, etc.), and Chapter 9

describes diagnostic and user information data output by the program.
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3.2 Data Preparation

The sequence of input directives necessary for execution of
PATCHES-III 1is similar to that necessary for execution of NASTRAN, The
input file is shown schematically in Figure 3-1 for a single run. It is
possible to concatenate files, but this would not normally be done.
Netailed information on the preparation of executive, case control, and
bulk data may be found in Chapters 4, 5, and 6 of this manual.
Ir formation on computer processing of the deck and a schematic of the

PATCHES-I1I load map are presented next.
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| EOF (SITE DEPENDENT CDC INPUT)
[EnD DATA

——

BULK DATA DECK

CASE CONTROL BEGIN BULK \

DECK /

| TITLE = SAMPLE INPUT

OPTIONAL EXECUTIVE
CONTROL DECK

EOR (SITE DEPENDENT CDC INPUT)

JOB CONTROL DECK

810061)

Figure 3-1. PATCHES~III Input File
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3.3 Computer Processing

To use PATCHEL-LIT efticiently it is necessary to understand  the
basic structure of the program and the relative expense of indiviaual
modules. This allows tlie user to plan the dry runs, checkpoints, and
restarts that best suit his application. A schematic of the PATCHES-1II
load map is shown in Figure 3-2 where the core storage each 1link
requires is indicated by the length of the line for that link. The
program is loaded on CDC computers using the segmentation loader. The
resident link, ULink 0, is always in core. It contains the PATCHES-III
executive system and the ~ommunication data blocks. Each of the other
links 1s  executed as needed under the control of the PATCHES-1III
executive. A brief description of the function of each link is provided

in Tablc 3-i.

At the end of execution, a user information table is printed which
shows  the CP time, core storage, and random access disk requirements of
each link and major subregions within complex links. The wvarious
PATCHEo~-1I1 links do not require a fixed amount of core storage but,
rather, an "open core” concept wherein each link determines and assigns
rhe necessary oore based upon the problem requirements. This allows
PATCHES-TI1 to process very large problems without penalizing those
small problems that can be solved with modest storage requirements
{epproximately 1700008). To check all input data and the geometry model

before execution on large problems, use the Case Control option DRY.
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This will terminate the run at the flag labeled DRY in Figure 3-2. Less
than 10 percent. of the cost of a complete solution is required for a DRY

run, and the percentage decreases with increasing problem size.

There are two volumes of data that may be saved on two separate
files of a checkpoint tape for later use on a restart run, The first
volume contains the element stiffness matrices, and the second contains
the current iterate and direction vector from the iterative solutien.

One or both volumes may be created on a checkpoint run using the case

control options CHKPNT, ELEMENT or CHKPNT, CG or CHKPNT, ELEMENT, CG.

On a subsequent restart run, any or all of the element matrices can be

modified using the option RESTART, ELEMENT, LIST. All restart runs

require the complete case control and bulk data decks to be present,
even on a CHKPNT, C5 run. This is necessary because all data not on the
checkpoint tape (geometry data, etc.) must be regenerated. A restart
run can create an additional OG checkpoint file, thereby allowing the

user to monitor intermediate results in a large analysis.

30
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‘ LINKO | PATCHES 1lI

- e e bt 8

LLINK1 BEGIN

‘ LINK 2 | INPCN

[Tk 3 | GET
—>

[Linka | maTeN
—D
{Link 18 | LOADS

~—>

[TCink 7_| BiGMsH
—>

LINK 8 IMDISP
[ —>

(Linko | emec

CTT
|
|

| LINK S | EKU

—

{ LINK 10 TTEKTD

[Lin1a | EXSCE!
>

LINK 14 | MCE1

[Nk 16 | ssa
—p

' LINK 17 | SDR
—p

LINK 11 | SUBCOM
—

Figure 3-2.

8100610

PATCHES~III Load Map

PAGE 3-6
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!
Table 3-1
PATCHES-III LINK DESCRIPTIONS
Link Region Name Function
0 MAIN Executive control and common storage
1 BEGIN Initialize PATCHES-III system
2 INPCN Input control - construct geometry and data
models
3 GET Initialize integration tables
4 MATCN Material property card
18 LOADS Generate element load vectors
7 BIGMSH Generate element mesh point connectivity
8 IMDISP Imposed displacement model
9 EMPC Element mesh point constraints
5 *EKIJ Generate element stiffness matrices
10 TTEKTD Transform element matrices to analysis
conrdinates
13 EXSCE1 Single point constraint eliminator
14 MCE1 Multipoint constraint eliminator
16 *S5G Static solution generator
17 SDR Stress recovery
11 SUBCOM Subcase combinations

Links that use majority of the CP time
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CHAPTER 4

BULK DATA OPTIONS

4.1 Overview

The primary source of input to PATCHES-III is a bulk data file
whose syntax 1is the same as that used by NASTRAN, Reference 2. This
data defines the geometry, physical properties, boundary conditions, and
loading conditions for the finite element model of the structure.
Certain execution parameters, such as grid point tolerances, can also be
input with bulk data directives, all of which may be submitted in any
order. PATCHES-I1I preprocesses the bulk data file to determine the
order in which directives must be processed to account for data
hierarchies. The input data may be in one of two formats: free-form or
fixed-form. Fixed-form is identical in format to standard NASTRAN bulk
data cards. The preferred format for PATCHES Control Case and Bulk Data
Directives 1is free-form because of the string notation syntax which is

convenient for input via a CRT terminal.
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4.1.1 Free-Form Input
1. Definition: A directive is assumed to be of free form if a
comma exists anywhere on the first physical card (line) of that
directive. Continuation cards (lines) are assumed to be of the
same format. Column positions and all blanks are ignored by
the free-form processor.
2. Syntax: The data input to PATCHES is broken inteo individual

fields. FEach field represents a particular type of data. A
field may ~onsist of any number of characters and digits and is
terminated by a comma. As an example, consider the following
directive:

HPR, 7, 10,,,, 0.0, 90.0, 3

As in a NASTRAN bulk data card, the first field is the
name of the directive, in this case, HPR. The second field
identifies by number the item to be created, in this case,
HYPERPATCH number 7. The third field, 10, identifies the patch
to be used in the construction option. The next three fields

are nul for this option, indicated by blanks between the

commas. This is similar to DMAP's syntax. The last three
fields on this directive define rotation angles and rotation

axis. The primary rule to note is that a comma terminates a

field; column positions are of no importance.
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4.1.2

After the tinal ficld in the above example, a comma is not
required. If the last nonblank character on a card (line) is o
comna, the next card (line) is assumed to be a continuation
card (line). Data continues on the next card as if the
pnysical card were in excess of 80 columns. A PATCHES data
directive can have up to eight continuation cards, but an

individual field cannot cross card boundaries.

In-Line Lists: There are circumstances in which a 1list can
occur within a field. Such a field can be input using a slash
./+ in place of the comma to separate items. An example would

be

PATCHC, 11, 5/3, 4

As before, a field cannot extend over card boundaries.

Fixed~Form Input

Definition: A directive is assumed to bhe of fixed form if
there are no commas on the first physical card (line) of that
directive. Continuation cards are assumed to be of the same

format.

Syntax: The format of the directive is identical to that of a

NASTRAN bulk data card. Fields exist tctally within 8- or
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16~column blocks. Input is similar to free-form input if you
imagine a comma between blocks. The following two cards result
in identical definitions:

LisT, 5, 8, 12, 16 THRU 20, 34, 4, 3, 9, 40

LIST 5 8 12 16THRU20 34 4 3 9 4CONT

HCONT 40
where eight columns must occur in each field of the

fixed-format cards indicated by underlining.

Restrictions and use of fixed format are otherwise

identical to those of free format., The 16-character input
field format is specified by appending an asterisk, *, to the
mnemonic in field 1 or by placing an asterisk in column 1 of a

continuation card.
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4.2 Available Options

There are over 70 bulk data directives available to model the
structure, its properties, and its environment. These are qroupea inio
six functional categorics and are catalogued by mnemonic in Table 64—
for easy reference. Few of these directives are mandatory on any given
run, PATCHES-III analyzes the input bulk data and provides diagnostics
f there are errors or omissions. Every ottempt is made £o analyze the
entire bulk data set independent of the number of erreors that may be
found, On  most runs a geometry model will be created and output, even
when thore are fatal errors. Cross-referencing between bulk data
divectives is by explicit reference to an identification number. The
only rxception is the CPDE3 directive, which implicitly requires the
properiy card and hyperpatch card to have the same identification number
25 the finlte el=nant. The number of elements is limited to 512, which
corvocpends ro o a range of stiffness metrix dimensions from 5,000 to

00,0600, depending on the finite element type,
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Table 4-1
BULK DATA OPTIONS
1.  GEOMETRY*
GRID LARCEC PATCH HPATCH SCALP
LINE PATCHGR HPHEX SCALPH
LINECS PATCHL HPL TMOVE
LINEGR PATCHO HEN
LINEPC PATCHQ HPR
PATCHR HP2PAT
PATCH4L HPAPAT
HPEPAT
2. ELEMENT AND PROPERTIES
CPDE3 MATAL MAT1 MATTA
PPDE3 MATC MATTAT
MATE MATTC
MATOR MATTE
MATTO
MATT]
3. CONSTRAINTS
MPE1 SDC10 sDcl SPC1
MPE2 SDC20 SDC2 SPC2
4.  LOADS
FORCE FORCEL3 FORCET TEMP
PLOADS3

{Table continued on following page.)

* Mnemonic Suffixes:

A
L
Q

Algebraic, B = Geometric, CS = Cubic spline, HEX = Hexahedra,
Line, N = Normal, P = Point, PC = Parametric Cubic,
Quadrilateral, R = Rotation.
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Table 4-1 (Continued)

BULK DATA OPTIONS

S.  DATA MODELING*

DATAG DLINCS DPATA DHPAT DICS
DLINE DPATCH DHPHEX DTPC
DLINP DPATEQ DHPL
DLINPC DPATL DHPSORT
DPATQ DHP2P
DPATAL DHP4P
6.  MISCELLANEOUS
PARAM MTRX-TD
$comment MTRX~CID

*  Mnemonic Suffixes:

Algebraic, B = Geometric, CS = Cubic spline, HEX = Hexahedra,
Line, N = Normal, P = Point, PC = Parametric Cubic,
Quadrilateral, R = Rotation.

A
L
Q
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4.3 Bulk Data Directives

This section details in alphabetical order for each of the bulk
data directives their input, format, restrictions and, where necessary,
additional information concerning the use of the particular directive,
The descriptions are in the nature of dictionary information with
illustrated examples for key directives. Table 4-2 shows the format

used to document each directive.
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Table 4-2

DOCUMENTATION FORMAT FOR BULK DATA

CATEGORY

Input Directive:

Description:
Example Syntax:
Field:
Remarks*:

Commentary*:

Example Application*:

CONTENT

Mnemonic for directive.

Dictionary description of directive.

Mnemonic for each input field.

Typical input data.

Dictionary description of each input field.
Restrictions and assumptions.

Background information for certain directives,

Typical application is illustrated.

* This item of documentation is not available for all directives.
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Input Directive:

Description:

Format :

Example Syntax:

Remarks:

PAGE 4-10

BULK DATA INPUT

$  Comment

A comment which the user may input to annotate
the bulk data file in its unsorted form. This
card is ignored by the bulk data processor.

$ Any legitimate characters in columns 2 - 80.

$****CRAPHITE PHENOLIC PROPERTIES.

1. Comment cards cannot be used with the current
Version 9.5 for the VAX-~11,/780.
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Tnput Directive:

Description:

Format :

Example Syntax:

Field
EID

Gl, G2,..., G8

EMPC

EQema_ri(:j :

PAGE 4-11

BULK DATA INPUT

CPDER

Connectivity card for a three-dimensional
parametric discrete (finite) element.

CPDE3, EID, G1, G2, G3, G4,,,, EMPC, G5, G6,
G7, G8

CPDE3, 7, 1, 3, 13, 12,,,, CCL, 2, 4, 14, 5

Contents
Element identitication number.

Corner grid point identification numbers in the
sequence given by Figure 4-1.

Mesh point constraint mnemonic for elements
reduced to less than cubic in one or more of the
parametric directions. The above example, (CL,
generates an element with cubic-cubic-linear
displacement functions. The default is CCC.

1. The element identification number must be the
same as the hyperpatch identification number.

2. See Figures 4-1 and 2-6 for the parareteriza-
tion and element surface orientation genera
ted by the CPDE3 card.

3. Any element connected to a reduced element

will automatically have the same constraints
(if any) on their common su:! face.
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Description:

Format :

Ey mple Syntax:

Field
EID

Gl, 62,..., G8

EmMre

Remarks:

PAGE 4-~12

BULK DATA INPUT

CPDE3 (Axisymmetric model)

Connectivity card for a three-dimensional
parametric (finite) discrete clement.

CPDE3, EID, Gl, G2, G3, G4,,,, EMPC, G5, G6,
G7, G8

CPDE3, 7, 1, 3, 13, 12,,,, CCX, 101, 103,
113, 112

Contents
Element identification number.

Corner grid point identification numbers in the
sequence given by Figure 4-1,

Mesh point constraint mnemonic for elements
reduced to less than cubic in parametric airec-
tions one or twoe and axisymmetric in the third
parametric direction. The above example, CCX,
generates an element with cubic~cubic-constant
displacement functions. The default is CCC;
i.e., not axisymmetric.

1. The axisymmetric constraint is designed by
an X and can only be used in the third
parametric coordinate direction.

2. All remarks concerning a general CPDE3
element apply.

3. If the PPDE3 card fcr an axisymmetric element
references a nonisotropic material, then
variable Euler angle data should be used to
generate an axisymmetric material for the
element.

4. Surface displacement constraints must not be
input for mesh points not on face five.
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The connectivity bulk data card, CPDE3, causes the hypecpateh tor o
discrete element to have the parameterization shown in Figure 4-1,
independent of how It was constructed. Any reparameterization that may
be required takes place automatically and prior to all output. The
CPDE3 card, for example, results in the G1-G2-G3-G4 surface being face 5
and the G5CHC7-G8 surface being face 6/ when the hyperpatch is in
qgeometric format. The parameterization is defined as "3" sort in that
tace 5 is associated with £,= 0 and face 6 with 7 = 1. All geometric
hyperpat ches in PATCHES-ITI are in "3" sort. At the present time, data
hyperpatches are not effected by the CPDE3 card, and the user must

ensure that thelr parameterizations are consistent with the geometric.

Consider, for example, a temperature hyperpatch created by a DHP2P card

nsing temperature patches on the G1-G4-G8-G5 surface and G2-G3-G7-GA

surface for face 5 and face 6, respectively. ‘This data would be in "2¢
sort, referring to Figure 4-1, and a DHPSORT card would be required to

change from "2" sort to "3" sort.

The convention for defining an element surface by giving the corner

grid points is also established by the CPDE3 card. This conventiorn,
detailed on Figure 4-1, may be thought of as the "left-hand rule,"” in
which the sequence always proceeds from the origin clockwise about an
axis in  the a, direction where the surface is associated
with P constant. This convention must be used when defining

constraint surfaces and data patches over an element surface.
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453
G5 G6
68 67,
Gl G2
-,
/ %
63
61-62-63-54 = 2(€,, &,, 0)
05-66-G7-68 % Z(&;. &, 1)
G1-64-68-65 = Z(&,, 0, &)
62-63-67-66 = (£, 1, ;)
SG5-G6- Z £ £
G1-65-66-62 = 7(0, &, £5)
64-G3-67-63 7~ Z(1, &,, &5)

Figure 4-1.

Grid Point Conventions for Element
Connectivity and Element Surface

52
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Input Dircct,i_v_f::

Description:

Format :

Example Syntax:

Field

51D

GIDK

DK

PAGE 4-15

BULK DATA TNPUT

DATAG  General spatial data inpit by grid point
Scalar input data at 4 cer of qrid nints,

DATAG, DSID,, GID1, DI, GID2, D2, GID3, D3,
GID4, D4, GIDS, DS,..., GIDN, IN

DATAG, 11,, 3, 4.0, 4, -3.6, %, -3.2, 6, -31.0

(;ont&_a_nti
Identification numbes for the data set defined by
this card. Pressure, temperature, and force com-
ponents are typical data types that form an
individual data set. 1< DSID <L 1 .

ldentification number of the jrid point that
locates the input data in space.

Data value at grid point GITK,

1. The data set identification number must be an
integer one through twelve.

2. Data at up to 29 grid points can be input
with a single directive. Additional data
in the set can be input with additional
directives.

1. Data at grid peints in a data set, DSID, can

also be created with data line directives
without the use of DATAG input.
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Input Directive:
Description:
Format :

Example Syntax:

Field

1D

FORMAT

MTRX-ID

Remarks:

PAGE 4-16

BULK DATA INPUT

DHPAT Data Hyperpatch.

Direct input of a one-component data hyperpatch
in any PC format.

DHPAT, ID, FORMAT, MTRX-ID

DHPAT, 3, P, 117

Contents
Data hyperpatch identification number.

or S Algebraic coefficients.
Geometric coefficients.
Point coefficients.
Gaussian coefficients.

o w >

Matrix identification number containing the
coefficients.

1. The default FORMAT is point format where
the mathematical definitions are provided in
Chapter 5.

2. The 64 hyperpatch coefficients in any format
are input in the same sequence that a triply
subscripted array is stored in FORTRAN;
namely, P111, P211, P311, P411, P121, P221,
... P344, p444.
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Input Directive:

Description:
Format :

Example Syntax:

Field

DHPID

SID

u1-G8

Remarks :

PAGE 4-17

BULK DATA INPUT

DHPHEX Data hyperpatch generator

Cne-component data hyperpatch created from the &
corner values.

DHPHEX, DHPID, DGID, Gl, G2, G3, G4,,,,, G5, G6,
G7, G8

DIPHEX, S, 2, 1, 2, 4, 6,,,,. 11, 3, 7, &5

Contents
Data hyperpatch identification number.

Identification number of the data set that defines
data values, DI, at the grid points.

Corner grid points that locate the data hyperpatch
in space in the sequence given by Figure 4-1.

1. The data, DI, are Interpolated trilinearly.

2. The data in ~ data set, D=ID, are normally
input with a DATAG directive.
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Input Directive:

Format :

Example Syntax:

Field
DHPL

DL1-DL12

CROSSF

Remarks:

PAGE 4-18

BULK DATA INPUT

DHPL Data hyperpatch generator

One~-component data hyperpatch created from data
lines.

DHPL, DHPID, DL1, DL2, DL3, DL4, DL5, DL6,,
CROSSF, DL7, DL8, DL9, DL10, DL1l, DL12

bHPL, 10, 3, 6, 7, 2, 1, 5,, 0, 8, 11, 12, 13,
21, 18

Contents

Data hyperpatch identification number.

Data line identification numbers in the sequence
specified for the HPL directive.

0
1

Set cross derivatives to zero,
Interpolate cross derivatives linearly.

1. The data lines are checked for common values
at the corner nodes.

2. The data lines must all reference the same
data set.

3, The CROSSF parameter controls the local

surface warping. A zero indicates a data
surface with zero twist at the four corners.
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BULK DATA INPUT

Input: Directive: DHPSORT Resort a data hyperpatch
Description: Transform a data hyperpatch from the input or

construction parameterization to the output
parameterization requested.

Format : DHPSORT, DHPID, INSORT, OUTSORT, NCOMP
Example Syntax: DHPSORT, 10, -2
Field Contents
DHPID Data hyperpatch 1D,
INSORT Input sort format.
INSORT = :1 where i = 1, 2, or 3 relative

to the geometric hyperpatch implicitly
associated with the data hyperpatch.

OUTSORT Output sort format. Default = 3,

NCOMP Number of components in the data hyperpatch.
Default = 1.

Rearky i. Resorting a data hyperpatch is a user

o convenience feature. The data for an elemen
may be easier to create in an order different
from that used for the geometry.

A minus sign reverses the two faces
associated with a particular sort.

INSORT = ~3, for example, reverses faces 5
and 6.
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BULK DPATA INPUT

Input Directive: DHP2P Data hyperpatch generator

Description: One-component data hyperpatch created from two
data patches.

Format : DHP2P, DHPID, DP1, DP2

Example Syntax: DHP2P, 3, 11, 12

Field Contents

DHPID Data hyperpatch identification number.

DpPl, DP2 Data patch identification numbers for 3= 0

and f.= 1.
Remarks: 1. The data patches must both reference
(directly or indirectly) the same data net.
2. The data are linearly interpolated between the

two referenced data patctes.

3. The data hyperpatch is in "3" sort by
construction. Use DHPSORT if another sort
is desired.
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Input Directive:

Description:

Format :

Example Syntax:

Field

ID

pp1l, 2, 3, 4

Bgmarks:

PAGE 4-21

BULK DATA INPUT

DHP4P Data hyperpatch generator

Data hyperpatch generated from four patches in
one parametric direction.

DHP4P, ID, DPl, DP2, DP3, DP4

oup4pP, 1, 1, 2, 8, 7

Contents

Data hyperpatch identification number.
Data patch identification numbers.
1. This construction assumes the input order

of the four data patches is associated with
£3 =0, 1/3, 2/3, 1 surfaces of the geometry

hyperpatch.

59




BULK DATA OPTIONS

Input Directive:

Description:

|

} Format:
, Fxample Syntax:
|

Field

DLID

bpEID

Gl, G2,..., N

Remarks:

PAGE 4-22

BULK DATA INPUT

DLINCS Data line generator

Scalar data interpolated over a set of grid points
using cubic splines.

DLINCS, DLID, DSID, Gl, G2,..., QN

DLINCS, 10, 3, 4, 2, 1, 5, 16

Contents

Identification number for the one-component data
lin2e created by this card.

Identification number of the data set that defines
data values, DI, at grid points in the data line
DLID.

The list of grid points that locate the data
interpolation points in space. The maximum
number is 25.

1. The data DI are interpolated using a
piecewise cubic spline with the lineal arc-
length between grid points serving as
abscissa. Data must exist at Gl, N, and at
least one other grid point and may exist at
all grid points.

2. The data in data set, DSID, are usually
input with a DATAG directive.
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Input Directive:

Description:

Format :

Example Syntax:

Field
DLID
DeID

FORMAT

Pl, P2, P3, P4

Gl, G2,...,&N

PAGE 4-23

BULK DATA INPUT

DLINE Data line generator
Direct input of a data line in any format.

DLINE, DLID, DSID, FORMAT, Pl, P2, P3, P4,,
Gl, G2,..., GN

DLINE, 5, 1, B, l., 12., 0., -.5, 103 thru 120

Contents
Data line identification number.
Data set identification number.

A or S Algebraic coefficients.
B Geometric coefficients.
P Point coefficients.

G Gaussian coefficients.

Coefficients of the line in the specified format.

Grid points at which data will be generated.

1. The default FORMAT is point format, P(0),
P(1/3), P(2/3}, P(l). The sequence is the
same for all formats as described in Chapter
5.

2. The data line extends from Gl to GN with
intermediate values determined by the distance
between points.,
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Input Directive:

Description:

Format :

Example Syntax:

D(1/3), D(2/3)

PAGE 4-24

BULK DATA INPUT

DLINP Data line generator

Scalar data for a data line in point format
between two grid points.

DLINP, DLID, DSID, Gl, G2, D(1/3), D(2/3)

DLINP, 10, 5, 3, 6, .4, -.2-1

Contents
Data line ID.
Data set ID that defines the data at Gl, G2.

Grid points that locate the ends of the data line
in space.

Data values at the one-third points in parametric
space. The spatial location of these points is
determined by the discrete element whose edge is
associated with this data line.
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Input Directive:

Description:

Format:

Example:

Field

DLID

bDSID

Gl, GZ,..., QN

Remarks:

PAGE 4-25

BULK DATA INPUT

DLINPC Data line generator

Scalar data interpolated over a set of grid points
as piecewise linear.

DLINPC, DLID, DSID, G1, G2,..., ON

DLINPC, 7, 4, 14, 3, 1, 5, 6

Contents

Identification number for the one-component data
line created by this card.

Identification number of the data set that defines
data values, DI, at grid points in the data line
DLID.

The list of grid points that locate the data
interpolation points in space. The maximum
number is 25,

1. The data, DI, are interpolated as piecewise
linear with the lineal arclength between grid-
points serving as abscissa. Data must exist
at Gl and Gy and may exist at all grid points.
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Input Directive:

Description:

Format:

Example Syntax:

Field
DPATID

Gl, 2, 3, 4

511,521,831,...,544

PAGE 4-26

BULK DATA INPUT

DPATA Data patch generator

Algebraic format data patch on one surface of
an element.

DPATA, DPATID, Gl1, G2, G3, G4,,,, S11, s21, S31,
s41, s12, S22, s32, S42, sS13, S23, S33, sS43, Sl4,
S24, 534, S44

DPATA, 10, 1, 3, 16, 4,,,,,, -1.3, 2.4,,, 1.0, 1.0

Contents
Data patch ID.

Corner grid points that locate the data patch in
space.

Data patch in algebraic format where a blank is
equivalent to a zero SIJ. The spatial location of
these data points is determined by the discrete
element whose surface uses the data patch.

F(F .60 = (80,6%,6,,1) [S11 sl2 513 s1d| (]
s21 s22 %23 s24{ e
S31 532 S33 S34 £,
541 542 S43 544 | !
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Input Directive:

Description:

Example Syntax:

Field
1D

FORMAT

MTRX-ID

Gl, G2, G3, G4

BpmgrkS:

PAGE 4-27

BULK DATA INPUT

DPATCH Data patch

Direct input of a one-component data patch in
any format.

DPATCH, ID, FORMAT, MTRX-ID, Gl, G2, G3, G4

DPATCH, 4, B, 22

Contents
Data patch identification number.

A or S Algebraic coefficients.
B Geometric coefficients.
P Point coefficients.

G Gaussian coefficients.

Matrix identification number containing the
coefficients.

Data patch spatial location given by corner grid

points.

1. The default FORMAT is point format.

2. The 16 patch coefficients are input in the
sequence Pl}, P21, P31, P41, P12, P22, ...
for all formats as described in Chapter 5.
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Input Directive:

Description:

Format :

Example Syntax:

Field
DPATID
REFID

Gl, G2, G3, G4

PAGE 4-28

BULK DATA INPUT

DPATEQ Data patch generator

Creates a data patch equal to a reference data
patch but located on a different surface.

DPATEQ, DPATID, REFID, Gl, G2, G3, G4

DPATEQ, 3, 6, 1, 2, 5, 11

Contents
ID of the data patch to be created.
ID of the reference data patch.

Corner grid points of the surface on which data
patch DPATID will be located.
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Input. Directive:
Description:

Format :

Example Syntax:

Field
DPID
Gl, G2, G3, G4

L pDL1, DL2, DL3, DL4

Remarks :

PAGE 4-29

BULK DATA [INPUT

DPATL Data patch generator
One-component data patch created from data liner.

pPATL, DPID, Gl, G2, G3, G4,,,,, DL1, DL2, DL3,
DL4

DPATL, 14, 5, 6, 10, 12,,,,. 3, 4, 7, 2

Contents

Data patch identification number.

Corner grid point identification numbers.

Data line identification numbers.

1. The daia lines are checked for common values
at the corner nodes.

2. The data lines must all reference the same
data set.

3. DATAG input is not mandatory if the data lines
are direct input. The grid point values will
be determined from the data lines.

4., The grid point and line sequencing is as
shown for the PATCHL directive.
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Input Directive:
Description:

Format :

Exaniple Syntax:

Field

DPID

DSID

Gl, G2, G3, G4

Remarks :

PAGE 4-30

BULK DATA INPUT

DPATQ Data patch generator

One-component bilinear data patch created from
corner values.

peaTQ, DPID, DSID, Gl, G2, G3, G4

DPATQ, 2, 6, 5, 11, 7, 3 .

Contents

Identification number for the one—component data i
patch created by this card. '

Identification number for the data set that has
data valuves, DI, at the corner grid points.

Corner grid points that locate the data patch in
space.

1. See PATCHL directive for grid point sequence
illustration.
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Input Directive:

Description:

Format :

Example Syntax:

Field

DPID

DLI /SEG

Remarks:

PAGE 4-31

BULK DATA INPUT

DPATAL. Data patch generator

One-component data patch generated from single
line segments of four data lines in ore parametric
direction.

DPAT4L, DPID, Gl1, G2, G3, G4,,,,, DL1/SEG,
DL2/SEG, DL3/SEG, DL4/SEG

DPATLY4, 6, 5, 4, 7, 9,,,,, 5, 19, 21/3, 22/4

Contents

Data patch identification number.

Corner grid point identification numbers.

Data line number for line 1, segment number SFG.

(Default SEG is 1.)

1. See PATCHL directive for grid point sequence
illustration.
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Input Directive:

Description:

Format:

Example Syntax:

Field

ID

Tref

Ti

£(Ti)

Remarks:

PAGE 4-32

BULK DATA INPUT

DICS Data table function

Defines a scalar function from tabular data
using piecewise cubic spline interpolation.

prsc, 1D, Tref, T1, £(T1), T2, £(T2), T3, £(T3)

7*,, 100.0, 10.1E6, 200.0, 9.8E6, 250.0, B.4E6

Contents

Table identification number. If followed by an
asterisk the function is normalized such that
f* (Tref) = 1.0.

Reference abscissa, Tl < Tref.< ™N. The default
value is Tref = Tl.

Abscissa values in increasing order, Ti » Ti-l.
Value of the function £(T) at T = Ti.

1. The function f£(T) is interpolated by a
piecewise cubic spline, Off table values are

set to
f(T) = £(T1) for T< Tl
£(T) = £(IN) for T >IN

2. Attempts to normalize a function with
f (Tref) = 0.0 are fatal errors.

TN




BULK DATA OPTIONS

Input Directive:

Descrigtion:

f‘_(_)_ rmat :

Example Syntax:

Field

ID

Tref

Ti

£(Ti)

Remark.s :

PAGE 4-33

BULK DATA INPUT

DTPC Data table function

Defines a scalar function from tabular data
using piecewise linear interpolation.

prPC, 1D, Tref, T1, £(T1), T2, £(T2), T3,
£(T3),..., ™N, £(TN)

prEC, 6*, 160, 60., 30.0E6, 300., 26.0E6, 1000.,
10.0+6,..., 5000, 1.0+6

Contents

Table identification number. If followed by an
asterisk the function is normalized such that

f* (Tref) = 1.0.

Reference abscissa, Tl < Tref < T™N. The default
value is Tref = Tl.

Abscissa values in increasing order,
Ti > Ti-1.

value of the function f(T) at T = Ti.
1. The function f(T) is interpolated as piece-
wise linear. Off table values are set to

£(T)

f(Tl) for T Tl

£(T) = £(TN) for T >

2. Attempts to normalize a function with
f (Tref) = 0.0 are fatal errors.

kB e b hm s




ro S e

BULK DATA OPTIONS PAGE 4-34

BULK DATA INPUT

Input Directive: FORCE Static load

Description: Defines a static load at a grid point by Cartesian
vector components.

Format : FORCE, 1D, GID, F1, F2, F3

Example Syntax: FORCE, 5, 21, 500.,, 600.

Field Contents

ID Load set identification number (integer, 1 to
999).

GID Grid point identification number.

Fl, F2, F3 Components of the load vector in the reference

Cartesian coordinate directions e,, e,, and e,.
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Input Directive:

Description:
Format :

Example Syntax:

Field
1D
EID

bLi, 2, 3

Remarks:

PAGE 4-35

BULK DATA INPUT (

FORCEL3 Line load data
Defines a line load on one edge of a 3-D element.
FORCEL3, ID, EID, DL1, DL2, DL3, S1, S2, S3

FORCEL3, 6, 10, 2,, 4,, 2.0

Contents

Load set identification number.

Element identification number.

Data lines for components Fl1, F2, and F3 where
F = Fia; and the a; are unit tangent vectors.

5cale factors applied to the data lines DL1, 2, 3.
Default values are 1.0.

1. The data lines must reference the same
grid points, and these are used to locate the
edge of element EID on which the line load
acts. A blank field for a data line ID
indicates that component of the load is
identically zero.
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Input Directive:

Description:
Format :
Example Syntax:

Field
ID
EID

DPl, 2

Remar ks :

PAGE 4-36

BULK DATA INPUT

FORCET Surface force data

Defines a surface traction on one surface of a
3-D element.

FORCET, ID, EID, DPl, DP2, Sl, S2

FORCET, 6, 10, 11,, -2.3

Contents
Load set identification number.
Element identification number.

Data patches for components Tl and T2 of the
traction T = Tlgl + T2§2 where gl, t, are unit
tangent vectors.

Scale factors applied to the data patches DP1, 2.
Default values are 1.0.

1. The data patches must reference the same
grid points, and these are used to locate the
face of element EID on which the traction
acts. A blank field for DPl (DP2) indicates
Tl (T2) is identically zero.

2. The sense of the unit tangent vectors is given
in Figure 2~6.
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BULK DATA INPUT

1pput Directjve: GRID Grid point

Description: Defines the coordinates of a grid point.

Format: GRID, GID, CID, z1, Z2, 23

Example Syntax: GRID, 5, 1, 0.0, 2.0, 4.05 |

Field Contents

GID Grid point identification number.

CID Coordinate type. 1-Cartesian, 2-Polar
(default = 1, integer).

71, 72, 723 Location of the grid point in coordinate system
CID.

Remarks: 1. The input sequence for polar coordinates

is r, 6, 7.
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Input Directive:
Description:
Format :

Example Syntax:
Field

1D

FORMAT

MI, 2, 3

TID

Remarks:

PAGE 4-38

BULK DATA INPUT

HPATCH Hyperpatch generator
Direct input of a hyperpatch in any format.
HPATCH, ID, FORMAT, M1, M2, M3, TID,

HPATCH, 1, P, 101, 102, 103,

Contents

Hyperpatch identification number.

A or S Algebraic coefficien*ts.
B Geometric coefficients.
P Point coefficients.

G Gaussian coefficients.

MTRX identification numbers for 21, 722, and 73.
Transformation identification number to be
applied to the hyperpatch, if any.

1. The default FORMAT is point format.

2. The 64 coefficients in any format for each
hyperpatch coordinate function are input in
the sequence P111, P211, P31}, PA4ll,
p121, ....

3. The mathematical definition of the different
format coefficients is defined in Chapter ».
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BULK DATA INPUT

Input Directive: HPHEX Hyperpatch for a linear hexahedron

Description: Generates a hyperpatch from the 8 corner
grid points.

Format: HPHEX, HPATID, Gl1, G2, G3, G4,,,,, G5, G6, G7, G8

Example Syntax: HPHEX, 1, 1, 2, 3, 4,,,4+ 5, 6, 7, 8

Field Contents

HPATID Byperpatch identification number.

Gl The grid point identification number for the
(0, 0, 0) node.

G2 The grid point identification number for the
(0, 1, 0) node.

G3 The grid point identification number for the
(1, 1, 0) node.

G4 The grid peint identification number for the
(1, 0, 0) node.

;55 The grid peint identification number for the
(6, 0, 1) node.

G6 The grid point identification number for the
(0, 1, 1) node.

G7 The grid point identification number for the
(1, 1, 1) node.

G8 The grid point identification number for the
(1, 0, 1) node.

Remarks: 1. The trilinear hexazedron is not required

to have flat surfaces.
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Conmentgrl:

Generation of a hyperpatch from the eight corner points.

Method:

First generate the lower and upper surface patches Bl and B2 using
PATCH1, and then use the technique outlined in the description of HP2PAT

to compute B3 and B4 as

(B3] = ([B4] = [B2] - [B1]

8
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Lnput Dirggtive:
Description:
Format :

Example Syntax:

Field
HPATID

Ll - L12

Remarks:

PAGE 4-41

BULK DATA INPUT

HPL Gridline definition of a hyperpatch
Generates a hyperpatch from the 12 edge lines.

WPL, HPATID, L}, L2, L3, L4, L5, L6,, CROSSF, L7,
L8, L9, L10, L11, L12

WL, 1, 4, 12, 8, 9, 2, 11,,, 6, 10, 1, 3, 7, 5

Contents

Hyperpatch identification number.

Line identification numbers, as shown below.
Cross derivatives flag., 0 for 0. cross

derivatives, 1 for linearly interpolated cross
derivatives.

Ll = 2(9,¢,,0) L7 = Z(1,£,,1)
L2 = 2(£,,1,0) L8 =12z(,,0,1)
L3 = 2(1,¢,,0) L9 =2(0,0,¢,)
L4 = 2(¢,,0,0) L10 = Z(0,1,4,)
L5 = 2(0,£,,1) L1l = 2(1,1,6,)
L6 = 2(£,,1,1) L12 = 2(1,0,6,)

1. The CROSSF parameter controls the local
surface warping. A zero indicates a data
surface with zero twist at the four corners.
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Commentary:

Generation of a hyperpatch from the 12 edge lines.

Method:

Generate surface patch Pl from the lines L1, L2, L3, L4,
Generate surface patch P2 from the lines L5, L6, L7, L8,
Generate surface patch P3 from the lines L4, L12, L8, L9.
Generate surface patch P4 from the lines L2, L11, L6, L10.
Generate surface patch P5 from the lines L9, L5, L10, LI.

Generate surface patch P6 from the lines L12, L7, L1l1, L3.

Use the procedure described for HP6PAT to compute Bl, B2, B3, B4
from six patches after checking all lines for common end points at the

corners.
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Input Directive:

Description:

Format_:

Example Syntax:

Field
HPATID
PATID

THK

Remarks:

PAGE 4-43

BULK DATA INPUT

HPN Hyperpatch for thick shells

Generates a hyperpatch from a patch and a given
thickness in the normal direction.

HPN, HPATID, PATID, THK

HPN, 1, 7, 1.675

Contents

Hyperpatch identification number.

Base patch identification number.

Thickness of the hyperpatch.

1. When used with degenerate patches, the normals

near the degenerate node may have some dis-
tortion.
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Comnentary H

Generation of a hyperpatch from a patch and a given thickness in

the normal direction.

I t = Thickness i

JRN

Method:

Transform B to point format, [Z].
Compute the unit normals at 16 points on the patch, [N].

If t > 0 define

Bl = [Z], B2 = {Z] + t [N] !

If t < 0 define

it

Bl = [2] + t [N], B2 (2]

Use the procedure described for HP2PAT to compute B3 and B4.
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Input Directive:

Description:

Formgg:

Example Syntax:

HPATID
PATID
z1l, 22, 23

THETAB, THETAE

IDRA

PAGE 445

BULK DATA INPUT

HPR Hyperpatch for a body of revolution segment

Generates a hyperpatch by rotating a planar patch
about a coordinate axis.

HPR, HPATID, PATID, Z1, 22, 23, THETAB, THETAE,
IDRA

WPR, 7, 3, 0.0, 1.0, -2.5, 15.0, 40.0, 2

Contents

Hyperpatch identification number.

Identification number of the patch to be rotated.
Coordinates for shifting the origin.

Beginning and ending angles through which the
patch will be rotated (real, degrees).

Axls of rotation (integer, -3 to 3).
+1 = 4X, -1 = =X, +2 = +Y, +3 = +Z, etc.
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Commentary:

Generation of a hyperpatch by rotating a planar patch about a

coordinate axis, e .

. -

0009

Method:

Given the planar patch :7.(51,52), rotate the lines g(O,Ez),
2(1/3,8,), 2(2/3,8,), and g(l,Ez) to form the patches 81, 82, B3, and £4
using PATCHR.

Then compute the patch coefficients.

(B1}) = {81} , [B2] = [p4]
(B3] = -5.5 (81] + 9(82] -4.5(83] + [B84]
(B4]) = -[Bl] +4.5(82] -9(B3] +5.5(84)
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The parameterization generated is as follows: If at and

tangent vectors of the originai patch and

it
V]

(1) If e; x 2(1/2,1/2) + N(1/2,1/2) > 0  then a*

(2) 1f e; X 2(1/2,1/2) + N(1/2,1/2) < O then a: =a,

35
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a*
22

~2

are the

]
@

a
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BULK DATA INPUT

Input Directive: HP2PAT Hyperpatch for interpolating two surfaces
Description: Generates a hyperpatch from two surface patches

with linear interpolation of the hyperpatch
parameters between faces five and six.

Format : HP2PAT, HPATID, PAT1, PAT2
Example Syntax: HP2PAT, 1, 11, 12
Field Contents
HPATID Hyperpatch identification number.
PAT1 Surface patch identification number of the
53 = (0 patch.
PAT2 Surface patch identification number of the
'3 3 = 1 patch.
Remarks: 1. The hyperpatch is in "3" sort by construction.

It cannot be resorted automatically.
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Commentary:

Generation of o hyperpateh from two  surface  patches  with  Pines

interpolation of the hyperpatch parameters between the faces.

12| = FACE 6
3
5 ¢
1
11| = FACES
!‘V'lf._g)‘o(l_:
r b
Z1 72 (z, )1 (Z2, )2
'
Z4 23 (z, )4 (2, )3
Patch 1,  [Bl] = fa -
(2, ])] (Z""l)z (Z,;’lr))l (7., 4?)3’
L.(21}1)4 (/,{‘)3 (;,]{) (7, ¥ HJ
[ 25 76 (Z,, )5 (2, )6 ]
z8 27 (z,. )8 (72, )7
Patch 2, (B2} = 7 £2
(Zr{‘)’ (71{])6 (7"'] ‘)(’ (/"}’ .)6
Z A
( 1,1)8 (z, 1)7 (2'51{7)8 (2'51‘7?)7_1

To make the hyperpatch 1linear between faces 7:(f], Foe 0) and

'/,(r'l, £,y 1) compute

fB3] = [B4] = (B2] - (B1]
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Input Directive:

Description:

Format :

Example Syntax:

Field
ID
Pl
P2
P3
P4

TID

Contents

PAGE 4-50

BULK DATA INPUT

HP4PAT Hyperpatch generator

Hyperpatch generated from four director patches
in parametric direction three.

HP4PAT, ID, P1, P2, P3, P4, TID

HP4PAT, 1, 3, 4, 8, 7

Hyperpatch identification number.

Patch identification number for £;= 0.
Patch identification number for &= 1/3.
Patch identification number for &,= 2/3.
Patch identification number for £;= 1.

Transformation identification number, if any,
to be applied to the hyperpatch.
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1nput. Directive:

Description:

Format :

Example Syntax:

Field

HPATID

Pl

P2

P3

P4

P5

ph

CROSSF

Remarks :

PAGE 4-51

BULK DATA INPUT

HPAPAT Hyperpatch for a curvilinear hexahedron

Generates a hyperpatch from 6 patches which
enclose a volume.

HP6PAT, HPATID, Pl, P2, P3, P4, P5, P6, CROSSF

HP6PAT, 1, 1, 2, 3, 5, 6, 4, O

Contents
Hyperpatch identification number.

Surface patch identification number of the
53 = 0 patch.

Surface patch identification number of the
ER = 1 patch.

Surface patch identification number of the
£, = 0 patch.

Surface patch identification number of the
£, = 1 patch.

Surface patch identification number of the
51 = 0 patch.

Surface patch identification number of the
£ = 1 patch.

Cross derivatives flag. 0 for 0. cross deriva-
tives and 1 for linearly interpolated cross
derivatives.

1. The CROSSF parameter controls the local
surface warping. A zero indicates a geometric
surface with zero twist at the four corners.
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Commentary:

Generation of a hyperpatch from 6 patches which enclose a volume,

L

Method:

Given the patches Pl, P2, P3, P4, P5, and P6, form the hyperpatch

confficients Bl, B2, B3, B4 as follows:

[B1] {P1]

(B2] {p2]

Coefficients for B3 and B4 are extracted from P3, P4, P5, and P6

after checking all patches for common lines on intersecting edges.
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Input Directive:

Description:

Example Syntax:

Field

LID
R
21, 72, 13

THETAB, THETAE

1DRA
Ni, Go,..., GN
Remarks:

PAGE 4-53

BULK DATA INPUT

LARCPC A circular arc with N-1 line segments

Generates a piecewise parametric cubic line
from a circular arc with N-1 line segments.

LARCPC, LID, R, 21, 22, 73, THETAB, THETAE, IDRA,
Gl, G2, G3,..., &N

LARCPC, 21, .5, 0.0, 3.2, .006, 30.0, 60.0, 3, 2,
5 THRU 10, 12
Conten§§

Line identification number for the generated line
{integer, 1 to 180).

Radius of the arc.
Coordinates of the center of the circle.

Beginning and ending angles of the sweep of the
arc (real, degrees).

Axis of rotation (integer, -3 to 3).
+1 = #X, -1 = =X, 42 = +Y, +3 = +7, etc.

Gl is the first grid point on the arc, N is the
last grid point on the arc, and the interior items
in the list are the equally spaced interior grid-
points.

1. See PATCHGR commentary for an illustration of
the construction method.

9N

,::dEIIIIIIIIIIIIIII1




AD-A107 709

UNCLASSIFIED

PDA ENGINEERING SANTA ANA CA

PATCHES~III USER'S MANUAL.(U)

AUG 81 E L STANTONs L M CRAIN
PDA=TR=1437-00-01

AFRPL=TR=-81-42

F/6 13/13
FO4711=78=C~=0082
NL




BULK DATA OPTIONS PAGE 4-54

BULK DATA INPUT

Input Directive: LINE Direct input of a parametric cubic line.
Description: Direct input of a parametric cubic line in any

format. The line is subdivided into N-1 line
segments with N qrid points.

Format : LINE, LID, FORMAT, M1, M2, M3, TID, G1, G2, G3,
G4,..., N
Example Syntax: LINE, 7, B, 201, 202, 203,, 21, 24, 25, 30,,, 100
Field Contents
LID Line identification number. _
FORMAT S Algebraic coefficients. :

Point coefficients.

A or

B Geometric coefficients. |
P

G Gaussian coefficients.

M1, 2, 3 Matrix identification numbers for Z1, Z2, and Z3.

TID Transformation identification number, if any, to ;
apply to the line.

Gl, 2,..., N Grid point identification numbers for the N grid-
points on the line.

Remarks: The default FORMAT is point format. The
mathematical definition of the input coefficients
for each format is in Chapter 5.
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BULK DATA OPTIONS

Input Directive:

Description:

Example Syntax:

Field

LID

ﬁ Gl, G2,..., QN

Remarks:

PAGE 4-55

BULK DATA INPUT

LINECS Parametric spline line

Generates a piecewisc parametric cubic line from
the input grid points and spline constraints.

LINECS, LID, Gl, G2, G3,..., QN

LINECS, 5, 2, 4 THRU 10 EXCEPT 7

Contents

Line identification number for the generated line
{integer, 1 to 180).

List of grid points through which the spline is to
be passed.

There must be at least three grid points, N =23,
to use this line card. There can be a maximum
of 25.
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BULK DATA OPTIONS

Input Directive:

Description:

Format:

Example Syntax:

Field
LID
GP

zZAl, 2, 3

ZBl, 2, 3

TID

GAMMA, GAMMO

Gl, 2,..., N

ngarks:

PAGE 4-56

BULK DATA INPUT

LINEGR A line from a general rotation
Generation of a piecewise parametric cubic line
from the general rotation of a point about an
arbitrary axis.

LINEGR, LID, GP, 2ZAl, ZA2, ZA3, ZBl, B2, ZB3,
TID, GAMMA, GAMMO, Gl, G2,..., N

LINEGR, 6, 21, O., 0., O., 1., 1., -2.5,, 30.,
0., 1 ™HRU 6, 50

Contents

Line identification number.

Grid point to be rotated.

Coordinates of the base of the rotation vector
(axis).

Coordinates of the head of the rotation vector
(axis).

Transformation identification number, if any, to
be applied to the line.

Subtended angle, initial offset angle. Same as
PATCHGR.

The grid point identification numbers for the N
grid points on the line.

1. The default offset angle is zero.

2. See the PATCHGR directive for an illustration

of the construction.
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BULK DATA OPTIONS

Input Directive:

Description:

Format:

Example Syntax:

Field

LID

Gl, G2,..., QN

Remarks:

PAGE 4-57

BULK DATA INPUT
LINEPC Generate a straight line with N - 1 line
segments

Generates a piecewise parametric cubic line with
N - 1 line segments.

LINEPC, LID, Gl, G2, G3,..., QN

LINEPC, 5, 1, 5, 8 THRU 16 EXCEPT 14

Contents

Line identification number for the generated line
(integer, 1 to 180).

Gl is the starting grid point for the line. GN is
the ending grid point for the line.

1. The coordinates of the intermediate grid
points are automatically computed and are
uniformly spaced.

2. The end points Gl and QN must be input or
constructed by another directive.
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BULK DATA OPTIONS

Input Directive:

Description:

Format :

Example Syntax:

Field
MID

FRAME

POINTS

ALl, AL2,..., ALN

Remarks:

PAGE 4-58

BULK DATA INPUT

MATAL Thermal expansion coefficients

Matrix identification numbers for the three-
dimensional thermal expansion coefficients at N
points in an element.

MATAL, MID, FRAME, POINTS, ALl, AL2,...,..., AIN

MATAL, 7, 1, 8, 101 THRU 108

Contents

Material identification number.

= 1, Thermal expansion coefficients d are in an
orthonormal Cartesian frame.

Thermal expansion coefficients @ are in the
normalized parametric frame.

1}
N
-

= 1, Constant properties.
= B, Trilinear variation in properties.
= 64, Tricubic variation in properties.

Matrix identification numbers for the thermal
expansion coefficients d at the interpolation
points. If N = 64 a single entry is used to
identify a matrix containing the 64 identifica-
tion numbers.

1. The «IJ are input in the sequence
all, a22, o33, al2, «l3, a23,
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BULK DATA OFTIONS PAGE 4-59

BULK DATA INPUT

Input Directive: MATC Materials stiffness matrix
Description: Matrix identification numbers for the thiree-

dimensional stress-strain equations at N points in
an element.

Format: MATC, MID, FRAME, POINTS, Cl, C2,..., CN
Example Syntax: MATC, 7, 2, 8, 6 THRU 12, 16

Field Contents

MID Material identification number.

FRAME =1, C Matrix is in an orthonormal Cartesian

frame,

= 2, C Matrix relates contravariant physical
components of stress to covariant physical
components of strain in the parametric
frame. (Useful with orthotropic bodies of
revolution.)

Constant material properties (N = 1).

8, Trilinear variation of material properties
(N = 8).

64, Tricubic variation of material properties

(N = 64),

PGINTS

o
—
~

cl, ¢2,..., CN Matrix identification numbers for the stress-
strain coefficient matrices at the interpolation
points. If N = 64 a single entry is used to
identify a matrix containing the 64 CID's, A
special partitioning format is used to input [C]
for user convenience, as shown on MTRX-CID
directive.

Remarks: 1. The MTRX-CID directive defines the input
sequence.
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BULK DATA OPTIONS PAGE 4-60

BULK DATA INPUT

Input Directive: MATE Materials compliance matrix
Description: Matrix identification numbers for the three-

dimensional strain-stress equations at N points in
an element.

Format : MATE, MID, FRAME, POINTS, Cl1l, C2,..., CN
Example Syntax: MATE, 7, 2, 8, 6 THRU 12, 16

Field Contents

MID Material identification number.

FRAME =1, E=C ! Matrix is in an orthonormal

Cartesian frame.

=2, E

C”! Matrix relates contravariant physical
components of strain to covariant
physical components of stress in the
parametric frame. (Useful with
orthotropic bodies of reveolution.)

POINTS 1, Constant material properties (N = 1),

8, Trilinear variation of material properties
(N = 8).

64, Tricubic variation of material properties
(N = 64).

Hon

cl, ¢2,..., ON Matrix identification numbers for the strain-
stress coefficient matrices at the interpolation
points. If N = 64 a single entry is used to
identify a matrix containing the 64 CID's. A
special partitioning format is used to input [E]
for user convenience, as shown on MTRX-CID
directive.
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BULK DATA OPTIONS

Input Directive:

Description:

Format :

Example Syntax:

Field
MID

FRAME

POINTS

0l, 02,..., N

Remarks:

PAGE 4-61

BULK DATA INPUT

MATOR Orthotropic material definition

Defines the material properties for a linear,
temperature independent, orthotropic material from
engineering constants.

MATOR, MID, FRAME, POINTS, 01, 02,..., ON

MATOR, 3, 1, 8, 2, 6 THRU 12

Contents

Material identification number.
=

1, Properties are in an orthonormal Cartesian
frame.

2, Properties are in the normalized parametric
frame of the element. Assumes parametric
frame is quasi-cylindrical or spherical.

1, Constant material properties (N = 1).
8, Trilinear variation of material properties

(N = 8).
= 64, Tricubic variation of material properties
(N = 64).

Matrix identification number for the orthotropic
material engineering constants at the interpola-
tion points. TIf POINTS is equal to A4 a single
epfry is used to identify a matrix containing the
64 OID's.,

1. The engineering constants are entered in
sequence El1, E22, E33, NUl2, NU13, NU23, Gl2,
Gl3, G23 on the MIRX matrix card(s).

2. The Air Force Design Guide convention for

Poisson ratios is used;
l.e., Eii NUJi = EJJ NUij'
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BULK DATA OPTIONS

Input Directive:

Description:

Format:

Example Syntax:

Field

MID

MPID

DTI

Remarks:

PAGE 4-62

BULK DATA INPUT

MATTA Temperature-dependent properties

Specifies the data table functions that define
the temperature dependence of the thermal
expansion moduli relative to a reference test
temperature.

MATTA, MID, MPID, DT1, Dr2, Dr3, Dr2, Dr5, Dré

MATTA, 3,, 1, 1, 1, 2, 2, 2

Contents

Material identification number. The same MID must
appear on a MATAL card if normalized data table
functions are used.

Identification number of the matrix that defines
the meshpoints for which these data apply. The
default is all meshpoints in the element. This
may be delimited by other MATTA cards.

Data table function, DICS or DI'PC, for component I
of the @ vector. The default for a blank field
is the a., given by the MATAL card if present and
zero if ndne is defined.

1. When the reference temperature for a data
table function is not equal to the ambient
temperature for the case, then «(T} is
computed as

a(T) = (E(T) (T-T, o) ~E(T ) (T~T o)) / (T-Tp)

to ensure zero thermal strain at ambient
temperature.
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BULK DATA OPTIONS PAGE 4-63

BULX DATA INPUT

Input Directive: MATTAT Temperature-dependent properties
Description: Specifies the data table functions that define theo

temperature dependence of the thermal expansion
moduli relative to a reference test temperature
using strain data directly.

Format : MATTAT, MID, MPID, DTrl, Dr2, DT3, Dr4, Dr5, Dré
Example Syntax: 5,11, 14, 3

Field Contents

MID Material identification number. The same MID may

appear on a MATTA, but the meshpoints referenced
by MPID must be different.

MPID Identification number of the matrix that defines
the meshpoints for which these data apply. The
default for a blank field is all meshpoints in the
element. This may be delimited by other MATTAT
cards.

DTI Data table function, DICS or DTPC, for component I
of the strain vector ¢. The default for a blank
field is zero.

Remarks: 1. When the reference temperature for a data
T table function is not equal to the ambient
temperature for the case, then a(T) is com-
puted as

afT) = (£(T) - f(TA)) / (T - TA)

to ensure zero thermal strain at ambient
temperature.

2. Since there is no temperature-independent

property card based on thermal strain data,
the data table functions cannot be normalized.
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BULK DATA OPTIONS PAGE 4-64

BULK DATA INPUT

Input Directive: MATTC Temperature-dependent stiffness properties
Description: Specifies the data table functions that define
the temperature dependence of each CIJ component.
Format : MATTC, MID, MPID, Drli, DTrl12, DT13, Dr22, Drz23,
DT33
Example Syntax: mATTC, 7,, 10, 11, 11, 10, 11, 10
Field Contents
MID Material identification number. The same MID must

appear on a MATC card when using normalized data
table functions.

MPID Identification number of the matrix that defines
the meshpoints for which these data apply. The
default for a blank field is all meshpoints in the
element. This may be delimited by other MATTC
cards.

DTIJ Identification number of the data table function
for component CIJ in the sequence defined on the
MTRX-CID card. The default for a blank field is
the CIJ given by the MATC card if present and
zero if none is defined. }

Remarks: 1. Normalized data table functions result in
CIJ (T) - CLJ £* (T)

where CIJ is defined by a MATC card. This
allows cne data table function to model
several CIJ (T) when components have similar
temperature dependence.
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BULK DATA OPTION: PAGE 4-65

BULK DATA INPUT

Input Directive: MATTE Temperature~dependent compliance properti:
Description: Specifies the data table functions that define

the temperature dependence of each component,
EIJ = C1J inverse.

Format : MATTE, MID, MPID, Drll, Dri2, Drl3, Dr22, DT23,
pri3

Example Syntax: MATTE, S, 4, 11, 12, 12, 11, 12, 13

Field Contents

MID Material identification number. The same MID must

appear on a MATE card when using normalized data
table functions.

MPID Identification number of the matrix that defines
the meshpoints for which these data apply. The
default for a blank field is all meshpoints in the
element, This may be delimited by other MATE
cards.

v

DT Identification number of the data table function
for component DIJ in the sequence defined on the
MTRX—-CID card. The default for a blank field is
the EIJ given by the MATE card if present and zero
if none is dofined.

Remarks: 1. Normalized data table functions result in

EIJ (T) = DIJ £* (T)

where EIJ is defined by a MATE card. This
allows one data table function to model
several EIJ (T) when components have similar
temperature dependence.




BULK DATA OPTIONS

Input Directive:

Description:

Example Syntax:

Field

MID

MPID

Remarks:

ey

PAGE 4-6A

BULK DATA INPUT

MATTO Temperature dependent orthotropic
properties

Specifies the data table functions that define the
temperature dependence of the nine elastic
constants for an orthotropic material.

MATTO, MID, MPID, DT, DT2, Dr3,..., Dro

MATTO, ll! 1l 2! 31 41 r’l 5, 6! 7r 3

Contents

Material identification number. The same MID
must appear on a MATOR directive when using
normal ized data table functions.

Identification number of the matrix that defines
the mesh points for which these data apply.
The default for a blank field is all mesh points
in the element (s) referencing this MID. The list
may be delimited by other MATTO directives.

Identification number of the data table function
for EIll1, E22, E33, NU12, NU13, NU23, Gl12, G13,
G23 in that order. The default for a blank
field is the value given that field by the MATOR
if present and zero if none is defined.

1. Normalized data table functions result in
EII(T) = EII + £*(T)

where EIT is defined by a MATOR directive. This

feature allows one data table function to model

several EII(T) when several modulii have the same
temperature dependence.
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BULK DATA OPTIONS PAGE 4-67

BULK DATA INPUT

Input Directive: MAT] Material property definition
Description: Defines the material properties for linear,

temperature-independent, isotropic, and certain
orthotropic materials.

Format : MAT1, MID, E, G, NU

Example Syntax: MATI1, 17, 3.+7, 1.9+7

Field Contents

MID Material identification number (integer, 1 to 50).
E Young's Modulus (real, = 0 or blank).

G Shear Modulus (real, 2 0 or blank).

NU Poisson's Ratio (real or blank).

Remarks: 1. If all three elastic constants are input

the material is, in general, orthotropic.
2. Any two of the elastic constants can be input

to define an isotropic material. The blank
field value will be automatically computed.
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BULK DATA OPTIONS PAGE 4-68

BULK DATA INPUT

Input Directive: MATT] Temperature dependent properties

Description: Specifies the data table functions that define
the temperature dependence for an isotropic
material.

Format : MATT1, MID, MPID, DTl, DT2, D3

Example Syntax: mATT1, 3,, 1,, 1

Field Contents

MID Material identification number. The same MID must

appear on a MAT1 card when using normalized data
table functions.

MPID Identification number of the matrix that defines
the meshpoints for which these data apply. The
default for a blank field is all meshpoints in the
element., This may be delimited by other MATTI
cards.

DTI Identification number of the data table function
for E, G, and NU, respectively. The default for a
blank field is the moduli given by the MAT] card
when present. TIf no MAT]1 card is present, at
least two data table functions must be present.




BULK DATA OPTIONS

Input Directive:

Description:

Format :

Example Syntax:

Field
SI1D
COMPS

EID-P

TJK-P

EID-5

IJK-S

PSI, THETA, PHI-P

PSI, THETA, PHI-S

PAGE 4-69

BULK DATA INPUT

MPE1 Mesh point equality constraint

Imposes displacement equality constraints
at one or more mesh points in Cartesian
coordinates.

MPE1l, SID, COMPS, EID-P, IJK-P, EID-S, IJK-S,
pPSI-P, THETA-P, PHI-P, PSI-S, THETA-S, PHI-S

MPE1, 10, 23, 1, 111, 2, 114, -2.2, 90, 90,
-32.2, 90, 90

Contents
Constraint set identification number.

Constrained displacement components Ul, U2, U3
identified by any combination of the digits 1,
2, and 3.

Element identification number associated with
the primary or independent mesh points.

Defines the primary mesh points using the mesh
point convention described in the Commentary
for this directive.

Element identification number associated with
the secondary or dependent mesh points.

Defines the secondary mesh points using the
mesh point convention described in the
Commentary for this directive,

Euler angles in the 3, 1, 3 sequence that
rotate the reference Cartesian coordinate
frame to the constraint frame at a primary
mesh point.

Euler angles in the 3, 1, 3 sequence that
rotate the reference Cartesian coordinate
frame to the constraint frame at a secondary
mesh point.
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BULK DATA OPTIONS

Input Directive:

ngarks:

PAGE 4-70

MPE1 Mesh point equality constraint
{Continued)

1.

The primary and secondary mesh points can
come from the same element.

Conflicts between SDC and MPE constraints
are not allowed.

The number of primary and secondary mesh
points must be equal unless there is only
one primary.

Constraint frame synthesis continues just
as with SPC constraints. The same mesh
point may have both SPC and MPE con-
straints if they are linearly independent.

Equality constraints can be used for

periodic boundary conditions and sliding
interfaces.
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BULK DATA OPTIONS PAGE 4-71

Commentary:

The constraint of entire surfaces or strings of mesh points with a
single MPE directive is provided as a user convenience. To support this

option, the following convention for IJK definition of mesh points is

adopted.
IJK ELEMENT SURFACE MESH POINTS
1 2(0, £,, £3) 111, 121, 131,..., 134, 144
2 Z(1, &5, &5) 411, 421, 431,..., 434, 444
3 Z(&y, 0, <3) 111, 211, 311,..., 314, 414
4 Z(6,, 1, &3) 141, 241, 341,..., 344, 444
5 Z(Ey, &y, 0) 111, 211, 311,..., 341, 441
6 Z2(&), &y 1) 114, 214, 314,..., 344, 444
11 Z(1/3, £,, &3) 211, 221, 231,..., 234, 244
12 Z(2/3, ¢, £3) 311, 321, 331,..., 334, 344
13 2(E,, 1/3, £3) 121, 221, 321,..., 324, 424
14 Z(g,, 2/3, &,) 131, 231, 331,..., 334, 434
15 Z(&y, Ly 1/%) 112, 212, 312,..., 342, 442
16 Z(Eyr £y 2/3) 113, 213, 313,..., 343, 443
111 z(0, 0, 0) 111
211 Z(1/3, 0, 0) 211
484 z(1, 1, 1) 444
1001 List dependent MIRX-1 Input mesh point list
1002 List dependent MTRX-2 Input mesh point list
101D List dependent MTRX-ID Input mesh point list
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The 1JK convention for individual mesh points is identical to the

point format  input convention. The convention for surfaces is i

illustrated in Figure 4-2 for the six external surfaces or faces of an
element and the six internal parametric surfaces. The use of an MTRX
directive to input a list of IJK mesh points is convenient when several

elements are similarly constrained.
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\ 1< K< 18

I 1
r 12
FACE 4 2

3 13 14 4 — LK
FACE 2

e -

8100597

Figure 4-2. IJK Mesh Point Convention for the
MPE Directives
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BULK DATA OPTIONS

Input Directive:

Description:

Format:

Example Syntax:

Field
SID

COMPS

EID-P

IJK-P

EID-5

1JK-5

PSI, THETA, PHI-P

PSI, THETA, PHI-S

———

PAGE 4-74

BULK DATA INPUT

MPE2 Mesh point equality constraint

Imposes displacement equality constraints at
one or more mesh points in local surface
coordinates.

MPE2, SID, COMPS, EID-P, IJK-P, EID-S, IJK-S,
PSI-P, THETA-P, PHI-P, PSI-S, THETA-S, PHI-S

MPE2, 10, 123, 1, 5, 2, 6

Contents
Constraint set identification number.

Constrained displacement components Ul, U2, U3
identified by any combination of the digits 1,
2, and 3 where u = Ult, + U2t, + U3m,

Element identification humber associated with
the primary or independent mesh points.

Defines the primary mesh points using the mesh
point convention described in the Commentary
for the MPEl1 directive.

Element identification number associated with
the secondary or dependent mesh points.

Defines the secondary mesh points using the
mesh point convention described in the
Commentary for the MPE1 directive.

Euler angles in the 3, 1, 3 sequence that
rotate the reference Cartesian coordinate
frame to the constraint frame at a primary
mesh point.

Euler angles in the 3, 1, 3 sequence that
rotate the reference Cartesian coordinate
frame to the constraint frame at a secondary
mesh point.
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Input Directive:

Remarks:

MPE2 Mesh point equality constraint
{Continued)

1.

The primary and secondary mesh points can
come from the same element.

Conflicts between SDC and MPE constraints
are not allowed.

The number of primary and secondary mesh
points must be equal unless there is only
one primary.

Constraint frame synthesis continues just
as with SPC constraints. The same mesh
point may have both SPC and MPE con-
straints if they are linearly independent.

Equality constraints can be used for
periodic boundary conditions and sliding
interfaces. The example syntax is from
a run using periodic boundary conditions.
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BULK DATA OPTIONS

Input Directive:

Description:

Format :

Example Syntax:

Field

MTRX-ID

Remarks:

PAGE 4-76

BULK DATA INPUT

MTRX-ID Input of a matrix or table

Input of a matrix or table of values which is
referenced by 1 or more bulk data cards.

MIRX~ID, V1, V2, V3, v4, V5, V6, V7, VB

MTRX-5, 1.0, 2.0, 3.0, 4.0, 1.0, 2.0, 3.0, 4.0
MTRX-6, 2(1T4)

Contents

The MIRX identification number. The ID number is
a free-form integer within the last 4 positions
of the mnemonic field. The dash (or any other
character) is optional.

Input values in floating point format. Up to 64
values may be defined.

1. Multiple values may be indicated by
parentheses; e.g., 4(20, 5, 8). Parentheses
may not be nested; i.e., 4(2, 3(4), 3, 5).
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BULK DATA OPTIONS

Input Directive:

Description:

Format :

Example Syntax:

Field

C1J

Remarks:

""-'""—'"—""——-:m‘

PAGE 4-77

BULK DATA INPUT

MTRX-CID

Stress~strain coefficient matrix associated with
CID.

MTRX-CID, Cll1, Cl12, C13, C22, C23, C33, C44, C45,
C46, C55, C56, C66

MIRX-6, 1.0E7, 0.3E7, 0.3E7, 2.0E7, 0.2E7, 1.0E7,
0.0, 0.0, 0.5E7, 0.0, 0,5E7

Contents

c11, c12, C13, c22, C23, C33 (Data items 1-6)

€44, C45, C46, CS55, C56, C66 (Data items 7-12)

C14, C15, Ci6, C24, C25, C26, (Data items 13-21)
C34, C35, C36

1. If the material has cubic symmetry, locations
1